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INTRODUCTION 
The amount of water used by a growing crop is a complex 
function of a number of different factors. The physical 
environment provides the driving force, or energy, for 
transpirationa1 water losses from the leaf and evaporation 
from the soil surface. The water content of the soil deter­
mines the amount of water available to the plant and the 
maximum rate at which the plant may take up water from the 
soil. The plant offers a series of resistances to the 
movement of water through the plant and finally into the 
atmosphere. The magnitudes of these resistances are a 
function of the water status of the plant. In the leaf, the 
mesophyll cells offer a resistance to the movement of water 
through the cell walls into the internal air spaces of the 
leaf. The stomates resist the movement of water, and the 
boundary layer surrounding the leaf offers a resistance to 
the diffusion of water. 
The movement of water from the leaf to the atmosphere 
may be described by a simple concept where the rate of water 
loss is directly proportional to the concentration gradient 
of water vapor between the leaf and the atmosphere, and 
inversely proportional to the sum of the resistances to 
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The magnitude of the resistance offered by the leaf to 
the movement of water \s a function of the internal water 
stress of the plant. Stomatal resistance is the most 
responsive to changes in the water status of the leaf. 
This is a protective mechanism which prevents complete 
desiccation of the leaf during periods of excessively high 
water use. As stress increases within the leaf, the stomatal 
opening will decrease and thus increase the resistance to 
water movement from the leaf. When this condition of stress 
is relieved, the stomates reopen and resistance decreases. 
The driving force of the environment is a function of a 
number of different factors, with temperature, vapor pressure, 
radiation and wind being the most important. Considerable 
research has been carried out recently in an attempt to 
describe and predict the energy balance of the crop canopy. 
"These investigations have been stimulated by recognition 
that the physical and biological processes of the biosphere 
are quantitatively controlled by the heat transfer within 
the system" (Gerber and Decker, 1961). 
The structure of the crop canopy exerts a definite 
influence on the microclimate within and around it. Wide 
extremes in canopy types may be found within species. Much 
of the interest in describing the microclimate has generated 
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from current changes in crop production methods which are 
being implemented to increase production by more efficient 
utilization of light and water by the crop. 
The relative importance of the crop and the environment 
in determining water losses from the canopy have been 
discussed recently. Some authors have concluded that the 
plant is unable to regulate water usage (van Bavel and 
Ehrler^ 1968 ). This is in contrast to the generally 
accepted concept that stomates are able to regulate water 
usage (Slatyer, 1967). It appears that the relative 
importance of the crop and the environment is influenced 
by the crop and the location. 
The general purpose of this study was to examine the 
various physical and physiological factors influencing the 
water utilization of two contrasting soybean canopies under 
two different row spacings so that the relative importance 
of the crop and the environment in controlling water use 
in soybeans in central Iowa could be evaluated. This was 
done by measuring relative water content, leaf resistance, 
and stomatal aperture of leaves at various levels in the 
soybean canopies and simultaneously monitoring various 
microclimatic parameters. 
Because of the diversified nature of this study, the 
results of the study will be presented in three sections 
as follows: 
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1. Relative water content, leaf rosis lancc and sioiiiatal 
aperture within a soybean canopy and the relationships 
between these parameters. 
2. The microclimate oi a soybean canopy. 
3. Evaluation of the relationships between the plant 
parameters and the microclimatic conditions. 
o 
LITERATURE REVIEW 
Relative Water Content, Leaf Resistance, 
Stomatal Aperture, and Their Interrelationships 
Relative water content 
Relative water content (RWC) is a measure of the amount 
of water in a leaf at a given time in relation to the amount 
that it can hold when the leaf is fully turgid. Normally 
the highest RWC values are found close to sunrise. The 
lowest values of RWC are normally found in mid-afternoon 
when water stress is at a maximum. A definite diurnal 
pattern in the RWC values occurs over a day. 
RWC is not constant throughout the canopy at any given 
time. Claassen (1968) and Barnes and Woolley (1969) have 
shown that in corn the upper leaves of the canopy always 
maintain a higher RWC than the lower leaves. Under stress 
conditions the RWC differences are accentuated. Barnes 
and Woolley have reported that under stress conditions, 
the RWC of leaves in the area of the ear were 18 percent 
less than the RWC of the top leaves. Stevenson (1969) 
believed the same situation occurred in soybeans, but 
did not present any data. 
Data of Shawcroft, Hunt and Impens, which was cited by 
Lemon (1968), showed the RWC of the upper leaves in a 
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soybean canopy to be lower than the RWC of the lower leaves. 
The measurements were made on a clear day under adequate 
soil moisture conditions. The differences in RWC were 
very distinct and were maintained throughout the day. 
Shawcroft, ejt also found that leaf resistance was lower 
in the upper leaves than in the lower leaves. 
Leaf resistance 
The leaf presents a series of resistances to the flow 
of water from the inside of the leaf to the surrounding 
atmosphere. These are the mesophyll, cuticular, stomatal, 
and boundary layer resistances. The greatest resistance 
offered by the leaf occurs at the leaf-air interface and 
is regulated by stomatal movement (Janes, 1970). 
Jarvis and Slatyer (1970) calculated the cuticular 
resistances of the upper and lower surfaces of cotton 
leaves and found values of 70.6 ± 5.6 sec cm ^, 191 ±2.1 
- 1  - 1  
sec cm and 51 sec cm for the bottom, top and total 
resistance offered by the cuticle. 
In most studies involving the movement of water vapor, 
the magnitude of the mesophyll resistance in comparison 
to the stomatal resistance is considered to be negligible. 
However, Dale (1961b) has noted the leaf resistance in 
cotton leaves with higher turgidity was significantly 
lower than for less turgid leaves. The data indicate an 
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increase in mesophyll resistance may occur, due to the 
shrinkage of the intercellular air spaces of the leaf. 
Data of Dale indicate the intercellular space volume is 
reduced from about 17-18 percent to about 13-15 percent 
of the total leaf, for a reduction in RWC of 15 percent. 
Not only is the intercellular space volume reduced as 
a percentage of the total volume, but the absolute volume 
is reduced by 25 to 35 percent for a 15 percent loss in 
RWC. Such large decreases might be expected to have 
marked effects on mesophyll resistance. 
Jarvis and Slatyer (1970) have suggested that mesophyll 
cell walls may influence observed rates of transpiration. 
They reported a procedure for estimating the value of this 
wall resistance, r^; 1.5 sec cm was a typical value for r^. 
They also showed the value of r^ was at least partially 
dependent on transpiration rate. Dornhoff (1969) reported 
the mean mesophyll resistance of 31 varieties of soybeans 
to be 2.12 sec cm . The mean stomatal resistance for the 
-1 
31 varieties was 2.15 sec cm . Dornhoff's data suggests 
varietal differences in diffusive resistances were 
responsible for the varietal differences in net photosynthesis 
he found. 
The total resistance of the leaf follows a diurnal 
pattern of behavior, with higher resistances during periods 
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of darkness and lower resistances during periods of light. 
Resistance has been shown to be a definite function of 
light intensity (Ehrler and van Bavel, 1968, Kanemasu and 
Tanner, 1969). 
Ehrler and van Bavel (1968) found minimal leaf resistances 
— 2 
occurred at 0900, when incoming radiation was .78 ly min 
This was considered to be the light saturation value for 
stomatal opening. They also noted that when the stomates 
were tightly closed, leaf diffusion resistance (r^) character-
- 1  istically was 50 sec cm or more, and when wide open it 
-1 
was 1 sec cm or less. 
Miller and Gates (1967) have obtained evidence to show 
the minimum stomatal resistance of some native species 
- 1  
ranges from 2.5 to 400 sec cm 
Kanemasu and Tanner (1969) have shown the adaxial 
(upper) side of the leaf in snapbeans has approximately 
a seven times greater leaf resistance than the abaxial 
(lower) side. The average resistance on the adaxial side 
-1 
over three days was approximately 25 sec cm and approximately 
-1 
3 sec cm on the abaxial side. Upper leaves in the canopy 
had a lower stomatal resistance than the bottom leaves. They 
believed this was due in part to a physiological adaptation, 
which allowed the young, meristematic portions of the plant 
to continue to photosynthesize at the expense of the older 
leaves. 
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Stevenson (1969) found the values for the upper 
surface of the leaf, the lower surface of the leaf, and 
the overall resistance of the leaf were always greater for 
leaves in the middle of the canopy than for leaves on the 
upper surface of the canopy. These differences were 
greatest on days with high solar radiation. Stevenson 
has also reported that erect leaves of soybeans had a 
significantly lower leaf resistance than naturally exposed 
leaves (flat). However, this effect varied from day to day. 
He also noted the upper leaves of the variety he used 
(Provar) were under significant moisture stress when the 
-1 leaf resistances were above 5.5 sec cm 
The canopy also exerts a resistance to the movement of 
water vapor. On the basis of leaf water relations and 
stomatal characteristics of corn, sunflower and soybeans, 
it would be predicted that corn would be most favorably 
adapted to conserving water, while sunflower would be the 
least adaptable, with soybeans falling in between (Lemon, 
(1968). However, if one takes into account a plant 
community parameter and the leaf resistance of the crop, 
the order changes. On the basis of total crop resistance, 
sunflowers are highest, corn next, and soybeans the least 
resistant to conserving soil moisture. 
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Rosenberg (1969) and van Bavel e_t (1965) have pi-esented 
evidence which indicates a canopy of alfalfa offers virtually 
no resistance to the flow of water from it. Both of these 
studies were carried out in areas where advection plays an 
important role in the energy budget of a crop. 
Stomatal aperture 
It is felt by most workers that the plant is able to 
regulate water loss by the opening and closing of the 
stomates (Slatyer, 1967). However, others feel that the 
stomates have no effect on water usage until the stomates 
are completely closed (van Bavel and Ehrler, 1968). Ting 
and Loomis (1963), working with perforated copper membranes, 
have concluded stomatal opening (width) does not effect 
water diffusion until the stomates are completely closed. 
Ehrler and van Bavel (1967) have stated that stomatal 
aperture in well watered crops is determined primarily 
by illumination, with stomates generally open in the light 
and closed in the dark. Stomatal opening is wider with 
progressively higher illumination. However, leaf water 
deficit can counteract the opening influence of light, and, 
when severe enough, can cause daytime stomatal closure. This 
closure can be generated either by a sudden increase in 
evaporative demand or by a lag in water absorption by the 
roots. With stomatal closure, transpiration decreases and 
11 
Dale (1961a) found the maximum stomatal aperture in 
cottom was reached between 1000 and 1500 hours, with a slow 
closure commencing- after 1500 hours which was completed by 
1900 hours. For leaves with marked water stress, i.e. with 
RY/C values falling- below 85 percent, the period of maximum 
aperture was curtailed by varying degrees, depending upon 
the extent of the water stress. However, he could not find 
any evidence for "midday closure" of stomates, although 
patterns of aperture varied from day to day. 
Shinn and Lemon (1968) have indicated that water stress 
caused partial stomatal closure of the upper leaves which 
resulted in reduced growth rates and reduced dry weight 
gains. However, total water loss by transpiration was 
not affected because of the apparent compensating effect 
of the lower leaves. 
The conditions under which a plant is grown also affects 
the stomates. Dale (1961b) reported that leaves of cotton 
grown in the field and in the greenhouse had similar sized 
stomates, but differences in pore sizes occurred. The values 
recorded were 15.2 ^  as a mean for 18 estimates on 
greenhouse plants and 12.8 p. for 14 estimates on field 
plants. Those grown in greenhouses had higher resistances 
than those grown in the field. In other words, the deeper 
depths of the stomates caused a higher resistance in the 
leaves of plants grown in the greenhouse. Dale also reported 
the dimensions of the guard cells were unaffected by position 
within and between leaves. However, stomata on the upper 
leaf surfaces were not as open as stomata on the lower 
leaf surface. 
Raschke (1970) presented evidence indicating stomata 
respond to changes in hydrostatic pressure of the water 
conducting system. Stomatal aperture was not uniquely 
related to RWC. He proposed that stomatal aperture was 
controlled primarily by the water potential of the water 
conducting system. 
Relationships between RWC, resistance and aperture 
Since RWC, leaf resistance and stomatal aperture are 
responsive to the water status of the plant, it would be 
expected that their behavior would be related. Stevenson 
(1969) found a curvilinear relationship between daily 
means of RWC and leaf resistance. As the daily mean RWC 
Of creased, the daily mean leaf resistance increased. The 
increase was very marked at RWC less than 89 percent. 
Dale (1961b) noted leaf resistance in cotton leaves with 
the highest turgidity was significantly lower than for 
less turgid leaves. 
Dale (1961b) found the small stomatal apertures were 
recorded for values of RWC of about 70 percent and 
consistently large values were obtained when the RWC 
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was 85 percent oi' more. However, the correlation of 
stomatal aperture with RWC was not significant. 
Laing (1966) presented data which indicated stomatal 
closure occurred very rapidly over the RWC range from 86 
to 83 percent in soybeans under field conditions. 
The concept of preferential flow 
An important term used in the discussion of the 
relationships involved in this problem is the concept of 
preferential flow. The principle is based on the fact 
that water tends to move in the direction of the greatest 
potential gradient, which results in a tendency for water 
to flow to the upper most leaves of the plant, rather than 
the lower leaves. The higher potential gradient to the 
top of the plant is attributed to the higher osmotic 
potential which occurs in the upper leaves due to their 
photosynthesising at a higher rate than the lower leaves. 
Leaf water potential and osmotic potential of leaves 
have been shown to decrease from the top of the plant 
downward into the canopy (Shinn and Lemon, 1968). The 
effect of this is to create a maximum potential gradient 
between the leaves and stem at the top of the plant. 
It is believed the higher the demand on the upper 
leaves, the greater will be the preferential flow to the 
upper leaves. As a result, water deficits and the leaf 
i etsio tctiiccto ill Liie iiiiddxe a.ectves becomes ixiiu i-iie 
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difference in leaf resistance between middle and upper leaves 
is maximal on high solar radiation days. Preferential flow 
was also found to increase later in the season (Stevenson, 
1969). Tills may be attributed to the fact that the lower 
leaves are deteriorating physiologically. 
Millar (1967) has also shown the relationship between 
leaf water potential and relative water content. He found 
the relationship with barley changed with time over the 
growing season; as the season progressed the water 
potential at a given RWC was less. 
The quantity of water involved in transpiration during 
the day, where the soil is maintained near field capacity, 
should be negatively related to the degree of turgor in 
the plant canopy (Laing, 1966). Laing also found relative 
net photosynthesis was influenced very little by RWC when 
greater than 89 percent. He concluded that a gradual 
stomatal closure began below 89 percent RWC with complete 
closing at a RWC of 83 percent, as indicated by the 
silicone rubber technique of measuring aperture. At that 
point, photosynthesis was reduced 60 percent from the 
maximum. The rate of photosynthesis will determine the 
magnitude of the osmotic potential. 
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Microclimate of a Soybean Canopy 
Radiation and net radiation 
Sakamoto and Shaw (1967a) found that 90 percent of the 
light was intercepted near the top and periphery of the 
soybean canopy. In observing net photosynthesis they 
determined a soybean canopy to be light saturated at about 
6,000 foot-candles at the initial blooming stage, and at 
about 5500 foot-candles in the pod formation and pod filling 
stage. Thereafter the saturation level decreased rapidly. 
The compensation point in the community was about 1000-
1500 foot-candles. 
Singh, £t (1968) found that Beer's extinction law 
did not hold in the bottom portion of the canopy. They 
found 52 percent of the net radiation was exchanged in the 
top quarter of the canopy, 24 percent in the second quarter, 
8 percent in the third quarter and 16 percent in the bottom 
quarter of the canopy. The value of 16 percent is less than 
that reported for corn. This would indicate soil water loss 
by evaporation should be less with soybeans than with corn. 
Relationships Between RWC, Leaf Resistance 
and Stomatal Aperture and the Microclimate 
Relative water content vs. microclimate 
Dale (1961a) has shown the possibility of an interaction 
between temperature and RWC, whereby closure of the stomates 
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at low values of turgidity is accelerated at high temperatures 
cannot be disregarded, especially since these two factors are 
negatively correlated. 
Laing (1966) found that open pan evaporation was related 
linearly to the development of mid-afternoon water deficits. 
Werner (1954) worked with potatoes in Nebraska and found 
the nature and deviation of the daily RWC cycle of well-
watered plants was chiefly affected the vapor deficit of 
the atmosphere. 
Janes (1970) found that at a given light level and 
COg concentration, a decrease in transpiration was associated 
with a decrease in RWC resulting from a change in osmotic 
potential. 
Stomatal aperature vs. microclimate 
Stomatal aperture is affected by air temperature. 
Walker and Zelitch (1963) have found that stomatal aperture 
at 10°C was approximately 1/3 of that observed at 30°C in 
tobacco. 
Dale (1961b) has noted that under high moisture 
conditions, stomatal aperture was significantly correlated 
with solar radiation, temperature, and time of day. These 
correlations were not found in leaves with low RWC, since 
the effects of water stress tended to over-ride those due 
to other factors. Hour-of-day effects may be due to a 
true diurnal rhythm. 
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Dale (1961a) reported the relationship between hour of day, 
solar radiation, and temperature, differed for the upper and 
lower surfaces. Hour-of-day, solar radiation, and temperature 
factors together accounted for at least 60 percent of the 
variation in the observed values of stomatal aperture. The 
hour-of-day factor accounted for the most variation, while 
temperature accounted for the least, only 18 percent. 
Stalfelt (1967) observed no stomatal opening at 5°C and 
very little opening at 10°C. Moss (1963) found that 
under laboratory conditions stomatal aperture of corn 
leaves increased from 2ji at 14°C to 6.5^ at 40°C. 
Dale (1961a) showed the effect of temperature on 
stomatal opening was especially evident in the stomates 
on the upper surface of the leaf. This effect was true 
only when soil moisture supply was adequate. 
Leaf resistance and the microclimate 
Ehrler and van Bavel (1967) have noted that leaf 
resistance values were considerably higher throughout the 
day under low soil moisture conditions than under high 
soil moisture conditions. This higher leaf resistance 
was attributed to an internal water deficit strong enough 
to counteract the stomatal opening effect of light. 
Stevenson (1969) reported that the overall daily means 
of leaf resistance increased with solar radiation and/or 
soil moisture tensions. Soil moisture tension had little 
18 
effect on leaf resistance on cloudy, low demand days. 
Vapor pressure deficit did not account for a significant 
portion of the variation in leaf resistance after the 
variation associated with solar radiation was removed. 
Miller and Gates (1967) noted that because of 
variations encountered in leaf temperature due to 
convection, better values of diffusion resistance under 
field conditions were achieved by averaging the results 
over several hours. 
The Energy Balance of a Soybean Canopy 
There are two fundamental approaches to the problem of 
evaluating and estimating heat and water vapor transport 
through the plant canopy. The approaches are the energy 
budget approach and the aerodynamic approach. Many of the 
attempts made to evaluate transport are a combination of 
the two approaches. 
The vertical heat budget for a crop surface may be 
written as; 
H = LE + S + A 
where; H = heat remaining after all radiative transfer, i.e., 
net radiation; 
L = the latent heat of vaporization for a unit depth 
of water; 
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E = evaporation in units of depth; 
S = heat transfer to or from the soil; 
A = the heat transfer to or from the atmosphere. 
Additional energy is required for photosynthesis and 
heating the crop canopy itself. However, under most 
circumstances the terms on the right hand side of the equa­
tion account for most of the heat exchanged on the surface. 
The requirements for using such a model are discussed by 
Suomi and Tanner (1958). Basically the model requires 
the borders of the experimental area to be large, the 
measurements of the environmental factors used in 
estimating the components of the heat budget to be taken 
a short distance above the top of the crop and the heat 
stored in the crop mass be very small. 
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MATERIALS AND METHODS 
The study was carried out during the 1969 growing season 
at the Beech Avenue research area of Iowa State University. 
The area is located one-and-a half miles southeast of the 
Iowa State University Campus. 
Plot Layout 
An area approximately 70 meters square was divided into 
four plots approximately 17 meters wide and 70 meters long. 
The plots were arranged in a north-south direction to allow 
a maximum fetch in the direction of the prevailing southerly 
winds. In addition, a large soybean field located 
directly south of the area provided an overall soybean 
fetch of nearly 150 meters. The two fields were separated by 
only a narrow roadway. 
The plots were planted on May 27, 1969. The planting 
rate was 72,000 plants per hectare (180,000 plants per acre). 
One day prior to planting the plots were sprayed with 
Treflan herbicide for weed control. In addition, the plots 
were wheel-hoed by hand three times early in the growing 
season. Weed control was excellent in all plots. 
The soil type in the area was a Colo silt loam. The 
area was well-drained, with a sandy layer at a depth 
ranging from five feet up to about 24 inches. A detailed 
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description of the soil is given by Benoit (1959), Field 
fertility levels were good. 
Varieties and Row Spacings 
The plots were set up to study two varieties, Hark and 
Provar, each having a different canopy type, under row 
spacings of 51 and 76 cm. The variety Hark has a relatively 
small, erect leaf and an "open" type of canopy. Provar has 
large, flat, thick leaves and a "closed" type of canopy. 
The comparison of the canopy types was not completed as 
planned because severe winds caused considerable lodging in 
the Provar plots. The lodging was severe enough to make 
microclimatic observations impractical on either of the 
Provar plots. Some observations of plant parameters were 
made with Provar-76 but no microclimatic observations were 
taken. No data were collected from the Provar-51 plot. 
Macroclimatic Weather Observations 
A standard Weather Bureau station was located 40 meters 
north of the plot area. Observations were taken daily 
between 0800 and 0900 CDT, Evaporation was measured in 
a standard evaporation pan located at ground level. Maximum 
and minimum temperatures were measured in a Stevenson screen 
at the standard five foot height (1.5 meters). Precipitation 
was measured with a standard 10 inch (25 cm) rain gauge. 
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An anemometer was placed beside the evaporation pan at a 
height of 18 inches (46 cm). The macroclimatic observations 
for the experimental period are shown in Table 1. 
Microclimatic Observations 
Microclimatic observations were taken during the periods 
when plant measurements were also being taken. The microcli­
matic observations taken were wet- and dry-bulb temperature, 
net radiation, wind speed and direction, soil temperature 
and total incoming solar radiation. 
Wet- and dry-bulb hygrometer system 
The wet- and dry-bulb sensors used in this study were 
similar to the design of Brown and Covey (1966). Some 
further modifications suggested by Brown^ were also included. 
A schematic diagram of the instrument is shown in Figure 1. 
The wet- and dry-bulb sensors were thermocouples inserted 
into a 1 cm piece of teflon rod. The sensors then were 
placed in a 12 cm length of 1.9 cm plexiglass tubing. A 
shoe string was used as a wick to the wet-bulb sensor. The 
wick was kept wet by a continuous supply of water from the 
attached reservoir. The major modification to the original 
design was the embedding of the thermocouple into the teflon 
rod. The teflon rod serves as a heat sink to prevent 
rapid temperature fluctuations so that the recorded 
^Brown, K. W.. Texas A & M University. Cnllegm SfafSnn 
Texas. Psychrometer Revisions, Personal communication. 1968. 
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The macroclimatic observations taken during the month 
of August, 1969, at the Beech Avenue research area 
of Iowa State University 
Maximum Minimum Precip. Wind Evaporation 
Temp., °F Temp., °F mm. miles/day mm./day 
79.5 52.0 22 .3  8 .24  
80.5 53.0 21.9 3.76 
82.0 51.0 20.6 6.03 
80.0  50.0 27.3 4.30 
87.0 57.0 25.9 7.00 
93.0 64.5  72.3 8.64 
84.5 71.0 4.70 45.9 10.46 
89.0 53.0  62 .8  15.50 
- 63.5 28.00 - -
84.5 - - -
85.2 55.5 39.5 7.04 
86.8 58.0 85.6 8.13  
87.3 66.0 54.2 9.15 
84.0 56.0 23.8 6.81 
78.5 49.5 10.7  11.95 
85.5 64.0 11.1 17.80 
88.5 58.5 21.1 5.16 
87.5 60.5 21.8 7.17 
86.0 65. 5 63.7 -
74.0 66.5 36.10 12.1 -
79.0 61.5 2.50 30.9 3.68 
79.5 53.0 15.3 7.78 
79.5 51.0 16.1 2.24 
82.0 49.0 10.8 4.88 
85.5 53.5 3.4 5.34 
83.5 52.5 5.9 4.53 
84.5 51.0 28.4 8.10 
88.0 64.5  42.4 6.35 
- 65.0 - -
" 
Figure 1. Diagrammatic cross-section of the wet- and 
dry-bulb psychrometer: 
A. Tygon tubing to ventilating tower 
B. Styrofoam covering 
C. Aluminum foil covering 
D. Glass tubing 
E. Shoestring wick (cotton) 
F. Test tube water reservoir 
G. Cork stopper 
H. Dry-bulb sensor 
I. Plexiglass tubing 
J. Styrofoam tube for fitting (foam rubber 
strip) 
K. Bolt 
L. Spacers 
M. Aluminum disks 
N. Wet-bulb sensor 
0. 24 gauge copper-constantan wire 
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observations would be representative of the time period over 
which the measurements were being taken. The thermocouples 
were made of 24 AoW^Sc copper-constantan, polyvinyl-coated 
thermocouple wire. 
The sensors were connected to a 16-point Honeywell 
multi-point recorder by cables running from the recorder 
located in a small building on the north edge of the plot 
area to the instrument towers. Connections in the field 
were made with Omega plugs specifically designed for 
thermocouple use. The recorder printed the output of 
one thermocouple every five seconds. Eighty seconds were 
required to read all sixteen thermocouples. 
The sensors were mounted on a tower made of 5-cm diameter 
plexiglass tubing which had small ports located at various 
levels on the tower. A large squirrel cage fan placed at 
the base of the tower was used to pull air through the tower 
and the sensors. The speed of the air moving past the 
sensors was measured periodically and found to be in excess 
of 3 meters per second at all times. 
Actual vapor pressure was calculated from the formula: 
t * — Q 9 
= e' - [.000367(1.0 + )] p(t-t') (1) 
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where : 
e' = saturation vapor pressure at temperature t'; 
t = air temperature; 
t' = wet-bulb temperature; 
p = barometric pressure (in. Hg), 
To convert from inches of Hg to millibars the conversion 
factor, 1 millibar = .02952998 in. Hg was used. 
Soi 1 thermocouples 
The soil thermocouples were made from the same thermo­
couple material used for the wet- and dry-bulb system. 
The junction of the soil thermocouple is protected from 
moisture by a cylinder of epoxy. The cylinders were made 
by filling half of a gelatin pill capsule with epoxy. 
The epoxy was allowed to partially set, then the thermocouple 
was inserted into the capsule. After the epoxy had hardened 
completely, the gelatin capsule was removed by soaking the 
cylinder and the epoxy in water. The gelatin capsule swelled 
and was easily removed. 
Total and net radiation 
Solar radiation was measured with an Eppley pyri-
heliometer located on the roof of the Agronomy Building and 
located one mile NNW of the experimental area. 
Net radiation measurements were taken with Pritschen 
type net radiometers. They were calibrated before and 
ctiter tae experiment using a new radiometer of similar design 
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The calibration curves for the four radiometers used in the 
experiment are shown in Figure 2. 
Wind velocity and direction 
Wind speed was measured with small Japanese made 
3-cup anemometers^. Three anemometers were located in 
profile above the canopy at heights of 1020,1590 and 
2270 mm above the soil surface. The bottom level was 
located at the top of the crop surface. 
The anemometers were calibrated in the Aerospace 
Engineering wind tunnel on the ISU campus. The calibration 
curves for the anemometers are shown in Figure 3. Cubic 
equations found to fit the set of points for each anemometer 
were used to make all calculations. 
Anemometer output was recorded using a counter system 
which registered one count for a given number of revolutions 
of the anemometer. Counts were noted and recorded manually 
every three to ten minutes throughout the time that plant 
observations were being taken. Wind direction was noted 
visually throughout the day. 
Soil moisture measurements 
Soil moisture measurements were taken with a Nuclear-
Chicago soil moisture neutron probe which was field 
calibrated. The calibration curve is shown in Figure 4. 
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Two access tubes were placed in the center of each plot; one 
tube was located in the row, and the other between the rows. 
The two readings were averaged to determine actual moisture 
levels. Readings were taken with the probe to a depth of 
42 inches (107 cm). Observations were taken at six-inch 
intervals with the initial observations taken at the nine 
inch level. Gravimetric samples were taken to determine the 
moisture content of the first six inches of the soil. 
Operational difficulties were encountered with the soil 
moisture probe and, as a result, readings were not taken as 
often as planned. Also, there was water in the access tubes 
on a number of days so that readings could not be taken to 
the full depth of the tube. The water table was sufficiently 
high during most of the growing season to assume that it 
provided moisture to the crop. 
Plant Observations 
Leaf temperature measurements 
Leaf temperatures were measured with a Barnes-infrared 
thermometer, model IT-3, with a three degree field of view. 
In the field, leaf temperatures were taken by holding the 
infrared thermometer about 5 cm above and normal to the 
leaf surface. No correction was made for leaf emissivity, 
since it has been shown to be 0.98 for soybeans (Stevenson, 
1969) .  
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Leaf resistance measurements 
Leaf resistance to water vapor diffusion was measured 
with a diffusion porometer similar to that designed by 
van Bavel, e_i (1965). The sensor was a lithium-chloride 
impregnated resistor (Hydrodynamics Inc, Cat, No. 4-4832). 
The rate of change of its electrical resistance can be 
expressed in terms of diffusion resistance. 
Before each reading, the porometer was purged with dry 
air to reduce the microammeter reading to about .1 full 
scale. Dry air was obtained by passing ambient air through 
a column of silica gel. Each time the chamber was purged 
a volume of air several times greater than the volume of 
the chamber was pumped through it. 
After the chamber had been purged, the porometer was 
clamped onto the leaf and the time required for the meter 
to change from .2 to .6 full scale was recorded. This change 
in the meter reading corresponds to a relative humidity 
change of approximately 4 percent. 
The sensitivity of the sensor is a function of temperature. 
Therefore, it was calibrated for several different temperatures 
using a wet blotter. The diffusion path length of the chamber 
was increased by adding on cylinders of similar diameter 
to the chamber, thus increasing L, the diffusion path length. 
The relationship between the diffusion path length (L), the 
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sensitivity of the sensor (S), and the time (t) required 
for the meter to change from .2 to .6 full scale is given 
by Equation 2. 
L = SAt - (2) 
is the diffusion length constant for the chamber. The 
value of S at a particular temperature is given by the 
slope line relating L to At. The values of S were then 
plotted against air temperature as shown in Figure 5. From 
this calibration curve, the values of S over the range of 
temperatures involved were available for use in the equation 
for water vapor diffusion resistance of one surface of the 
leaf. This resistance is calculated using Equation 3. 
SAt - L 
° p ° (3) 
where r is the water vapor diffusion resistance and D is 
the diffusivity of water vapor in air at air temperature. 
The values of D were obtained directly from the Smithsonian 
Meteorological Tables (1966). The above equation holds when 
the temperature throughout the system is constant, that is, 
the diffusivity of water vapor is constant throughout the 
system. 
When taking measurements, the first measurement taken 
was leaf resistance. The leaf resistance readings were 
taken immediately on both the adaxial and abaxial leaf 
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Figure 5. Calibration curve for the lithium chloride-
impregnated resistor. The sensitivity (S) 
as a function of air temperature 
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surface. The resistance of each surface of the leaf was 
calculated using Equation 3. The overall leaf resistance 
of the leaf was calculated using the formula for parallel 
resistances : 
total 
where r^j^ and r^^ are the resistances of the abaxial (bottom) 
and adaxial (top) side of the leaf. 
Relative water content 
The relative water content was determined using the 
technique of Barrs and Weatherley (1962). The leaf sample 
was collected immediately after the completion of the leaf 
resistance measurements. A sample consisted of the middle 
1/3 of the leaf. The samples were placed in air tight plastic 
weighing bottles and taken into the laboratory at various 
times throughout the day. The samples were kept shaded at 
all times to prevent excessive heating before they were 
taken into the laboratory. In the laboratory the samples 
were weighed for field weight (FW) to the nearest 0.0001 
gram and then floated on distilled water in covered petri 
dishes for four hours. The samples were always initially 
weighed within two hours of the time they were collected in 
the field. The light intensity over the tables where the 
samples were floating was maintained at 65 foot-candles of 
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was approximately 25°C. The samples were blotted at the end 
of the soaking period between paper towels to remove all 
excess water. The sample was placed back into the weighing 
bottle and then weighed to obtain the turgid weight (TW) of 
the sample. The samples were then placed in an oven at 
65°C overnight, and then weighed again to obtain the oven-
dry weight of the sample (D\V) „ The formula used for calculating 
RWC was as follows: 
wc - ™ ™ X 100 (5) 
Stomatal aperture 
Stomatal impressions were taken using a method which is 
a modification of the method of Willis (1962), and recently 
described by Brown and Rosenberg (1970b). A clear plastic 
aerosol spray was applied to both sides of the leaf surface. 
The plastic material was allowed to dry, which normally took 
only a few seconds. After the plastic material was dry, 
a piece of scotch tape was placed over the sprayed area and 
rubbed firmly onto the leaf. The tape was then removed 
and placed directly onto a microscope slide. The leaf 
impression made on the plastic was stripped off with the 
tape. 
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Impressions were taken from both the adaxial and abaxial 
side of the leaf immediately after the leaf resistance 
readings were taken. Since all of the measurements on a 
given leaf could be completed within a period of two or three 
minutes, it was believed that handling the leaves did not 
significantly affect stomatal aperture. 
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RESULTS AND DISCUSSION 
Relative Water Content, Leaf Resistance, 
Stomatal Aperture and the Relationships 
Between these Parameters 
Relative water content (RWC), leaf resistance and 
stomatal aperture measurements were taken in vertical 
profiles. The original intention was to select four 
leaves so that each quarter of the canopy would be 
represented by one of the samples. However, the top 
half of the canopy included over half of the canopy leaf 
area index, and many of the lower leaves had been damaged 
by a bacterial blight earlier in the season. The average 
height of sampling from the ground surface was 995, 830, 
680 and 520 mm, for the top, 3/4, 1/2 and bottom level, 
respectively. When different canopies were being studied 
on the same day, the data were collected alternately from 
each plot. 
Relative water content 
Relative water content was measured on eleven days 
during August, 1969. On August 4, 5 and 6, data were 
collected from only the Hark-76 plot. The Hark-76 and 
and Provar-76 plots were monitored on August 7, 8 and 11. 
The Hark-76 and Hark-51 plots were measured on August 12, 
Id. 14. ib ana iv. 
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Overall daily means : Hark-76 The average RWC at 
each level for each of the eleven days that observations 
were taken is given in Table 2. On days when soil moisture 
was adequate, the highest RWC values were found in the lower 
levels of the canopy, and the lowest mean daily RWC values 
were found at the top of the canopy. This was the case 
on August 4, 5 and 6„ However, on August 7 and 8, when 
soil moisture had started to become limiting, the top levels 
of the canopy had the highest RWC values. 
On August 9, 28.00 mm of precipitation fell, and the 
pattern returned to that present before moisture stress 
occurred. The mean daily RWC at the upper levels was again 
lower than the mean daily RWC of the lower levels when 
observations were taken on August 11. When soil moisture 
levels became limiting again around August 16 the highest 
mean daily RWC values were again found at the top of the 
canopyo The gradient in RWC seemed to reverse itself at an 
overall daily mean RWC of 86 percent. 
The direction of change in RWC at the different levels, 
with depletion of soil moisture, is similar to that found by 
Claassen (1968) and Barnes and Woolley (1969) with corn, 
except that under adequate soil moisture conditions the 
pattern was the reverse of that found in corn. Claassen 
found that the upper leaves maintained the highest RWC under 
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Table 2. Mean daily relative water content values at four 
levels in a soybean canopy 
Date Plot RWC-Top RWC-3/4 RWC-1/2 RWC- Mean 
level level level Bottom 
level 
August 4 Hark-76 88.2 90.8 92.0 92.3 90.8 
August 5 Hark-76 87.0 89.6 90.2 90.4 89.3 
August 6 Hark-76 87.7 89.0 89.0 89.8 88.8 
August 7 Hark-76 
Provar-76 
86.5 
87.0 
87.1 
87.1 
86.0 
88.0 
82.1 
86.7 
85.4 
87.2 
August 8 Hark-76 
Provar-76 
85.1 
84.5 
87.0 
84.7 
85.0 
83.1 
84.2 
83.7 
85.3 
84.0 
Augus t 11 Hark-76 
Provar-76 
88.2 
88.3 
89.0 
89.4 
90.4 
91.9 
90.9 
90.4 
89.6 
90.0 
August 12 Hark-76 
Hark-57 
91.8 
90.4 
92.4 
91.8 
93.1 
93.5 
93.7 
94.6 
92.8 
92.6 
August 13 Hark-76 
Hark-5J 
89.6 
89.4 
90.7 
91.3 
91.4 
92.5 
93.1 
93.6 
91.2 
91.7 
August 14 Hark-76 
Hark-51 
89.6 
89.9 
90.2 
90.2 
91.0 
91.2 
91.5 
91.2 
90.6 
90.6 
August 16 Hark-76 
Hark-51 
86.2 
86.2 
85 0 5 
86.4 
86.1 
85.7 
84.8 
84.1 
85.6 
85.6 
August 17 Hark-76 
Hark-51 
85.5 
84.7 
85.5 
85.0 
86.1 
84.9 
84.8 
84.0 
85.5 
84.6 
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all soil moisture conditions, although the differences were 
smaller under adequate soil moisture conditions. The 
differences between the upper and lower leaves increased 
as soil moisture stress increased. 
The RWC of the lower leaves changes more with changes in 
soil moisture than the leaves in the upper portions of the 
canopy. The daily mean values ranged between 91.8 percent 
and 85.1 percent at the top level, 92.4 to 85.5 percent at 
the 3/4 level, 93.1 to 85.0 percent at the 1/2 levol and 
93.7 to 82.1 percent at the bottom level. The younger 
leaves are more physiologically active, and may be able to 
maintain a more stable RWC level over a wide range of soil 
moisture conditions. 
The difference in daily mean RWC between the top and 
bottom levels of the canopy is a function of the daily 
overall mean RWC. The daily overall mean has been shown 
by Stevenson (1969) to be a function of soil moisture tension. 
Figure 6 shows the relationship between the overall daily 
mean RWC and the difference between the mean RWC of the top 
level and the bottom level. At a mean of 86 percent or 
less the mean daily RWC of the upper level was greater than 
the mean daily RWC of the bottom level. 
Diurnal patterns in RWC : Hark-76 Diurnal patterns 
in RWC were studied in the Hark-76 plots on eleven days 
during August, 1969. Figures 7, S and 9 show the diurnal 
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Figure 6. The difference in mean daily RWC between the top 
and bottom level as related to overall mean daily 
RWC in the Hark-76 plot 
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patterns in RWC at the four canopy-levels on August 4, 6 and 
8, respectively. Table 3 gives the analysis of variance 
tables for August 4, 5 and 6. 
August 4 represents a day with high soil moisture and 
low radiation. The sky was clear until 1230 hours CDT. 
By 1300 hours the sky was completely overcast and remained 
so the remainder of the day. Winds were moderate, ranging 
between 400 and 600 cm sec during the afternoon hours. 
Throughout the day the lower levels in the canopy maintained 
the highest RWC and the top levels maintained the lowest RWC. 
The top level was considerably lower than the other levels 
during the afternoon when radiation was low. 
August 6 was clear, with moderate soil moisture 
conditions. The RWC values at all levels were generally 
lower than they had been on August 4. The range in RWC 
over a profile was generally smaller than it had been on 
August 4. There was a sharp drop in RWC at all levels 
between 1000 and 1130 hours CDT, which probably corresponded 
to water loss while the stomates were fully open. The RWC 
values increased after 1130 to a level which was maintained 
until 1430 hours. During this time stomates were probably 
at least partially closed. At 1430 hours, RWC again started 
to increase, but then dropped sharply. This indicated that 
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Table 3. Analysis of variance of RWC data on Hark-76 
for August 4, 5 and 6 
8.V.  d.f. MoS. F 
August 4 
Time 10 8.97 2.02* 
Level 3 31.09 7.01^ 
Error 30 4.43 
August 5 
Time 11 16,47 8.32^ 
Level 3 33,88 17.11% 
Error 33 1,98 
August 6 
Time 13 14.64 5.83°  
Level 3 8.17 3.25^ 
Error 39 2.51 
^Significant at the 10 percent probability level. 
'^Significant at the 5 percent probability level. 
^^Significant at the 1 percent probability level. 
the stomates may have reopened while atmospheric demand was 
still high, causing a rapid loss of water. By 1600 hours 
CDT the RWC values were increasing at all levels. 
On August 8, soil moisture had definitely become 
limiting. The skies were clear with strong gusty winds. 
Except during midafternoon (1400-1430 hours CDT) the top 
and bottom levels maintained the lowest RWC values. The 
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range of values was also quite high over the day. The bottom 
level ranged from 93.5 percent RWC at 1015 hours CDT to 76 
percent RWC at 1300 hours. 
Analysis of variance showed that time and level-in-the-
canopy effects were significant on August 4 and 6, but not 
August 5. August 5 was clear and warm. With the exception 
of the top level, the RWC values were similar at all levels. 
The top level was much lower than the other levels in the 
morning (1130 hours) and late in the afternoon (1530 hours). 
The situation in soybeans cannot be completely explained 
on the basis of preferential flow. An attempt was made to 
relate plant water potential (PWP) to RWC using the pressure 
bomb technique to measure PWP. There was a trend in the 
data, but a large amount of variation was present. The 
data indicated that as RWC decreased, the water potential 
of the leaf increased in a negative direction. This would 
mean that the plant water potential of the upper leaves 
was greater (more negative) than it was in the lower leaves 
when soil moisture was adequate. However, it does not 
appear that water was preferentially flowing to the upper 
leaves since they maintained the lowest RWC during the 
major portion of the day. If, in fact, preferential flow 
was occurring, then large amounts of water were being lost 
from the upper portion of the canopy, resulting in the lower 
RVi'C values. 
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Comparison of canopy types Overall daily means : 
Hark-76 and Provar-76 When considering overall daily 
means, the Provar-76 plot maintained a higher RWC than the 
Hark-76 at the upper two levels in the canopy, but the 
values were essentially the same at the two lower levels. 
On August 8, the Provar-76 plot was lower in RWC at all 
levels, except at the top of the canopy, where it was 
slightly higher. On August 11, after a large rainfall, 
both canopies had approximately the same RWC at all levels. 
The differences between canopies were a function of the 
mean daily RWC. This is shown in Figure 10. The individual 
levels are also included. At all levels the relationship 
appears to be curvilinear. At the low range of RWC the 
Hark-76 appears to maintain the highest RWC, while at 
moderate levels of RWC (86-88%) the Provar plot maintained 
the highest RWC, At high RWC (greater than 89%) they were 
nearly equal. 
Diurnal pattern of profile means : Hark-76 and Provar-76 
Figure 11 shows the diurnal patterns in profile means for 
the three days that comparisons were made on the Hark-76 
and Provar-76 plots. The diurnal patterns for individual 
levels are given in Appendix I. Analysis of variance tables 
for August 7, 8 and 11 are given in Table 4. 
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Table 4. Analysis of variance of relative water content 
for August 7, 8 and 11 
8.V. d.f. M.S, 
August 7 
Time 4 29.64 3.98* 
Levels 3 24.93 3.35* 
Variety 1 3.60 N.S. 
Time X Variety 4 25.09 3.37^ 
Level X Variety 3 18.19 2.44^ 
Error 24 7.43 
August 8 
Time 7 108.02 14.02 
Levels 3 12.78 1.66 
Variety 1 10.32 1.34 
Time X Variety 7 14.97 1.94 
Level X Variety 3 8.70 1.13 
Error 42 7.70 
:t 11 
Time 8 18.71 1.13 
Levels 3 61.30 3.73 
Variety 1 3.92 N.Sc 
Time X Variety 8 23.93 1.45 
Level X Variety 3 7.98 N.Sc 
Error 48 16.45 
^Significant at the 5 percent probability level. 
^Significant at the 10 percent probability level. 
o^TTi-f-io?,nt ?.t the 1 prc-LaLlIli-y level. 
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On August 7, the Provar-76 plot maintained a higher RWC 
during the morning hours, while it had the lowest mean RWC 
during the middle of the afternoon. After 1500 hours it 
again had the highest mean RWC. 
On August 8, which was a day of high stress, the two 
varieties were similar throughout the day. The Hark-76 
did maintain a higher RWC in the morning, but differences 
were small during the rest of the sampling period. 
On August 11, 1969, the Hark-76 plot maintained a 
higher RWC during the major portion of the day, but it was 
highly variable during the afternoon hours. 
On all three days, the Provar plot appeared to regain 
its turgidity during the afternoon about 1430 hours. The 
Hark-76 plot also began to regain its turgidity, but then 
RWC dropped rapidly. A possible explanation is that the 
Hark and Provar plots had closed their stomates because of 
moisture stress, which allowed the plants to begin regaining 
their turgidity. Stomates in the Hark-76 plot may have 
opened more readily, while atmospheric demand was still 
high, and thus began to lose water much more rapidly. The 
stomates may have remained closed in the Provar plot. This 
drop in RWC in the Hark-76 plot was noted on several other 
days. 
Overall daily means : Hark-76 and Hark-51 There 
was nearly a 1:1 relationship between the Hark-76 and Hark-51 
plots, when overall daily means of RWC were considered. 
This is shown in Figure 12. This indicates that row 
spacing did not appreciably affect RWC levels, at least 
when daily means were considered. 
The same general relationship was true when individual 
levels were considered. The regression equation for 
each level is given in Table 5. The slopes of the lines 
fitting the points from the upper two levels were slightly 
less than 1.00. The two lower levels had slopes greater 
than 1.00. 
Midday RWC and overall mean daily RWC It would 
be useful to be able to predict the overall mean daily RWC 
based on observations taken at a particular time of day. 
The mean RWC overall levels was determined for all RWC 
samples taken between 1300 and 1400 hours for each day. 
Regression analysis showed that the relationship between 
this parameter and the overall mean daily RWC was significant 
(Table 6). The date are shown graphically in Figure 13. 
In addition, various microclimatic parameters were included 
in the regression analysis in an attempt to improve the 
relationship. None of these parameters were significant. 
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Table 5. Regression analysis of the relationship between 
mean daily relative water content of Hark-76(X) 
and Hark-51(Y) 
2 
Level Regression Equation R Std. 
Dev. 
Top Y - 6.08 + 0.927 X 0.933 0.71 
3 /4  Y = 5 .29  + 0.941 X 0.957 0.73 
1 /2  Y = -1 .94  + 1.217 X 0 .984  0 .58  
Bottom Y = -1 .36  + 1.150 X 0.995 0 .41  
Mean Y = -1.11 + 1.079 X 0 .986  0.50 
Table 6. Regression equations describing the relationship 
between the overall mean daily RWC overall levels 
(Y), the mean RWC overall levels between 1300 
and 1400 hours (CDT) (X^), average wind speed 
(cm/sec) between 1300 and 1400 hours (X2), average 
total radiation (langleys/min) between 1300 and 
1400 hours (X3) and average daily evaporation 
( c m / d a y )  ( X 4 )  
2 
Regression Equation R 
Y = 28 .96  + 0.688 0 .902  0.89 
Y = 26.51 + 0.727 V - 0.00273 XG 0 .912  0.89 
Y = 25.48 + 0.718 x /  *  0.812 XG 0 .910  0.94 
Y " 29 .60  + 0 .698  2.40 XJ 0.926 0 .82  
Y = 27.16 + 0.711 0.0036 XG + 1.45 X- 0 .937  0 .87  
-  4 .405  X.  
^Significant at the 1 percent probability level. 
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Except for August 4, the midday RWC was always less than 
the overall mean daily RWC. Between 1300 and 1400 on August 
4, the sky was completely overcast, and had been for over 
an hour. The sky had been clear all morning. From Figure 
7 it appears that the canopy was not under stress at that 
time . 
Leaf resistance 
Leaf resistance measurements were taken from the same 
leaves as the RWC samples. The resistance measurements 
were completed before the RWC samples were taken. 
As used in this dissertation, leaf resistance refers 
to the sum of the resistances offered by the leaf to the 
diffusion of water vapor through it. The porometer that 
was used did not allow evaluation of the individual 
resistances. 
Overall daily means : Hark-76 The mean daily leaf 
resistances for each of the fifteen days that leaf resistance 
observations were taken are shown in Table 7. Generally, 
the highest resistances to water vapor diffusion occurred 
in the lower leaves, and the lowest resistances occurred in 
the upper leaves. This may be due in part to light penetra­
tion patterns into the soybean canopy. Sakamoto and Shaw 
(1967a) have shown that 90 percent of the incoming radiation 
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is intercepted by the periphery of the soybean canopy. 
Leaves in the lower levels receive less radiation energy, 
which reduces the energy available for photosynthesis and 
transpiration. 
As soil moisture was depleted, the range in leaf 
resistance between the levels also increased. The two 
lower levels increased more than the upper levels with an 
increase in soil moisture tension. This would indicate 
that as soil moisture deficits increase, the upper leaves 
do not close their stomates to reduce water loss as much 
as the lower leaves. It was also noted in the RWC 
discussion that the lower levels of the canopy had a much 
lower RWC than the upper levels under stress. This lower 
RWC may be causing the stomates to close to a greater 
extent at the lower levels. 
Diurnal patterns in leaf resistance Diurnal patterns 
in leaf resistance were studied on fifteen days during 
August, 1969. Diurnal patterns in leaf resistance at the 
four levels in the Hark-76 canopy are shown for August 
4, 6 and 7 in Figures 14, 15 and 16, respectively. The 
diurnal patterns on five other days are presented in 
Appendix II. The analysis of variance for August 4, 5 and 
6 is given in Table 8. The analysis of variance for August 
7 is included in Table 9. 
Table 7. Mean daily total leaf resistance values at four levels 
levels in three soybean canopies 
Date Plot Total Leaf Resistance 
Top 
Level 
3/4 
Level 
1/2 
Level 
Bottom 
Level 
Mean 
August 4 H-76 4.72 3.92 4.05 5.68 4.59 
August 5 H-76 4.81 4.59 4.27 4.48 4.54 
August 6 H-76 5 c 15 5.15 5.35 5.36 5.23 
Augus t 7 H-76 
P-76 
8.98 
8.31 
8.83 
10.42 
13.17 
11.81 
12.75 
11.87 
11.43 
10.60 
August 9 H-76 3.34 3.31 3.50 3.68 3.46 
August 11 H-76 
P-76 
3.38 
3.34 
3.37 
3.38 
3.42 
3.56 
3,58 
3.81 
3.44 
3.52 
August 12 H-76 
H-51 
3.62 
3.63 
3.44 
3.42 
3.49 
3.40 
3.33 
4.02 
3.47 
3.62 
August 13 H-76 
H-51 
3.71 
3.64 
3.70 
3.68 
3.61 
3.68 
3.74 
4.89 
3.69 
3.97 
Augus t 14 H-76 
H-51 
3.62 
3.65 
3.66 
3.87 
3.92 
4.51 
4.59 
6.74 
3.95 
4.69 
August 16 H-76 
H-51 
3.51 
3.80 
3.63 
3.96 
4.37 
4.91 
5.12 
7.00 
4.16' 
4.92' 
August 17 H-76 
H-51 
8.49 
8.98 
10.08 
10.69 
12.46 
14.87 
16.36 
17.03 
11.85 
12.89 
August 19 H-76 
H-51 
3.62 
3.63 
4.08 
3.48 
4.10 
3.92 
5.22 
4.25 
4.26 
3.82 
Augus t 21 H-76 
H-51 
3.40 
3.39 
3.31 
3.42 
3.24 
3.28 
4.03 
4.30 
3.50 
3.60 
^Data are suspect, on this day. 
Table 7^ Continued 
Date Plot Total Leaf Resistance 
Top 3/4 1/2 Bottom Mean 
Level Level Level Level 
August 22 H-76 3.61 3.46 3.48 3.43 3.50 
K-51 3.42 3.32 3.25 3.30 3.32 
Augus t 23 H-76 3.42 3.37 3.31 3.43 3.39 
H-51 3.46 3.47 3.31 3.20 3.36 
Table 8. Analysis of variance of adaxial, abaxial and total 
leaf resistance for August 4, 5 and 6, 1969 
Adaxial Abaxial Total 
Date resistance resistance resistance 
s .v .  d.f. M.S. F M.S.  F M.S. F 
Augus t 4 Time 
Level 
Error 
10 
3 
30 
16.26 
50.02 
12.00 
1.35 
4.17% 
4.76 
18.90 
5.57 
N.S. 
3.39 
1.60 
6.66 
1.75 
N.S 
3.81 
August 5 Time 
Level 
Error 
11 
3 
33 
20.53 
11.08 
8.85 
2.32* 
1 .25 
11.39 
0.56 
1.70 
6.68^ 
N.S.  
3.43 
0.60 
0.33 
10.40^ 
1 .82 
Augus t 6 Time 
Level 
Error 
13 
3 
39 
47.93 
9.35 
10.59 
4.53^ 
NoSo 
30.72 
13.38 
8.01 
3.83^ 
1.67 
7.99 
0.20 
1.62 
4 .92^ 
N .S .  
^Significant at the 5 percent probability level. 
^Significant at the 1 percent probability level. 
Table 9„ Analysis of variance of abaxial, adaxial and total leaf resistance for 
August 7 and 11, 1969c 
i.te Adaxial 
resistance 
Abaxial 
resistance 
Total 
resistance 
S . V o  d.f. M.S. F M.S. F M.S. F 
August 7 
August 11 
Time 4 143. 86 1. 69 106. 73 7. 23^ 16.73 2. 46 
Levels 3 283. 45 3. 190. 89 12. 95^ 33 . 53 4. 94 
Variety 1 861. 46 10. 18 120. 55 8. 18^ 73.90 10. 89 
Time x Var 4 115. 96 1. 36 123. 55 8. 38 27. 14 4. 00 
Time x Level 3 56. 70 N. S. 9c 24 N. S. 5.29 N. S. 
Error 24 84. 65 14. 74 6.78 
Time 8 7. 18 2. 53^ Ic 09 N. S. 0.48 1. 94 
Levels 3 9c 55 3. 38 2. 17 lo 77 0.70 2. 83 
Variety 1 1. 11 N. 8._ 1. 89 1. 53 0.60 2. 40 
Time x Var 8 9. 90 3. 50^ 2. 58 2. 10^ 0.92 3. 73 
Time x Level 3 0. 45 N. S. 2. 34 1. 91 0. 20 N. S. 
Error 48 2. 82 11. 22 0. 25 
^Significant at the 1 percent probability level* 
^Significant at the 10 percent probability level. 
^Significant at the 5 percent probability level. 
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On August 4 the top and bottom levels maintained similar 
resistances throughout most of the day, except for a large 
increase in resistance at the bottom level at 1430 hours. 
The top and bottom levels had higher resistances than the 
two middle levels throughout the day. The analysis of variance 
indicated that levels were significantly different, but time 
was not a significant factor„ This indicates that the 
differences between levels were not influenced by time of 
day. 
On August 6 the upper levels had the highest resistances 
early in the morning, and the bottom levels generally had 
the lowest resistance. After 1200 hours the pattern 
reversed, with the highest resistances occurring in the 
lower level. Analysis of variance indicated that levels were 
not significantly different, but time of day was a significant 
factor. The non-significance of the level term was probably 
due to the reversal in behavior during the day. 
On August 7 the lower levels had the highest resistances 
and the upper levels had the lowest resistances. These 
differences were maintained throughout the day. The 
difference in resistance between the top and bottom level 
was very large. At 1430 hours the top level had a total leaf 
70a 
resistance of 9.0 sec/cm while the bottom level had a 
resistance of 15.5 sec/cm. Analysis of variance showed 
that both level and time of day were significant„ 
Comparison of canopy types Resistance measurements 
were taken on the Hark-76 and Provar-76 plots on August 7 
and lip Comparisons were also planned for August 8, but a 
malfunction of the resistance meter occurred. With only two 
days of data to analyze, comparisons were limited. Leaf 
resistance measurements were made on Hark-76 and Hark-51 
on nine days. Leaf resistance data for August 16 are also 
suspect. The values appear to be much lower than they 
should be. 
Diurnal patterns in profile means : Hark-76 and 
Provar-76 Figure 17 shows the profile means of the two 
plots for August 7 and 11» From these plots, it appears 
that Provar tends to maintain a slightly higher resistance 
during the major portion of the day. On August 7, when 
moisture stress was high, the Provar-76 plot appeared to 
close its stomates while the Hark-76 stomates opened during 
midafternoon when stress was high. On August 11, when 
soil moisture was again high, the Provar-76 plot had a 
slightly lower resistance than the Hark-76, but it was 
higher during the remainder of the day. The large increase 
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at 1600 hours may have been due to stomatal closure due to 
low radiation. Both days show the resistance of Hark-76 was 
decreasing during late afternoon. 
The analysis of variance for these two days is given in 
Table 9. On both of these days, levels and varieties were 
significant. The time x variety interaction was also 
significant, indicating that the two varieties act differently 
at different times of the day. 
Overall daily means : Hark-76 and Hark-51 The 
relationships between the daily overall means of each plot 
are shown in Figure 19. The distribution of points was 
similar for each of the individual levels. It appears that 
row spacing had no effect on leaf resistance at any of the 
levels. The overall daily means for each level are included 
in Table 7. 
Adaxial, abaxial and total leaf resistance The 
relationships between adaxial, abaxial, and total leaf 
resistance were analyzed by regression analysis. The 
regression equations are given in Table 10. A total of 
224 observations were included in the analysis, with data 
taken from all levels on four different days. 
The regression equations indicate that the total leaf 
resistance could be estimated by measuring the leaf resistance 
of only one leaf surface. The abaxial leaf surface would be 
a more accurate parameter to measure than the adaxial leaf 
surfacee 
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Table 10. Regression analysis of the relationships between 
adaxial, abaxial and total leaf resistance 
2 
Regression Equation r Std, 
Dev. 
r^^ = lo64 + 1,04 r^j^ 0.53 5*24 
r^Q^ = 1.40 + 0.33 r^^ 0.81 1.21 
^tot " 0.43 + 0.49 r^^^ 0.88 0.96 
There are two advantages in having to measure the 
resistance of only one leaf surface. It would reduce the 
time required to determine resistance of a given leaf, and 
leaf manipulation would be minimized. 
Stomatal aperture 
Stomatal aperture impressions were taken immediately 
after the completion of the leaf resistance measurements. 
An impression was made on each side of the leaf at all i ur 
levels in the canopy. 
Rather than attempt to measure each stomate individually, 
a rating system was devised to allow rapid evaluation of a 
large number of stomates. The degree of opening was rated 
on a 1 to 5 scale. A rating of 1 indicated that the 
stomate had attained its maximium opening, and a rating of 
5 indicated complete closure. With a rating of 1, a stomate 
was essentially rouuu. Thcxc «0.0 & ccnsldcrzbic 2.~cunt of 
variability found on the same slide. To give a representative 
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sampling, five different fields were viewed with the 
microscope on each impression. Ten stomates were rated 
under each field. Thus each value was the average of 
fifty stomates» 
Distribution of stomatal opening On August 12, 1969, 
forty impressions were made for the specific purpose of 
determining the variation in stomatal opening over a leaf 
surface. Twenty impressions were taken from the Hark plot 
and twenty from the Provar plot. The leaves were randomly 
selected from the top of the two canopies. The leaves 
were sprayed over their entire surface, Scotch tape was 
applied along the entire length of the leaf, with the midrib 
along one edge of the tape. The entire piece of tape was 
placed lengthwise on a microscope slide, which was marked 
into eight areas, and aperture ratings were taken from each 
section. 
The distribution in opening was very distinct (Table 11). 
The data show that the stomates were more open at the base 
of the leaf than they were at the tip of the leaf. Although 
the differences were not as large, it was also found that 
the stomates were more open along the midrib than they were 
towards the edge of the leaf. This was true for both the 
adaxial and abaxial surfaces of the leaf. 
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Diurnal patterns in stomatal aperture The diurnal 
variation in storaatal aperture in Hark-76 and Hark-51 at 
four levels in the canopy is shown in Figures 20, 21, 22 
and 23c The data from August 22 are shown in Figures 20 and 
21, and the data from August 23 are shown in Figures 22 and 
23. 
The figures show the lower levels had the smallest 
aperture during the major portion of the day on both the 
adaxial and abaxial leaf surfaces. The differences in 
aperture between the top and bottom canopy levels were 
greatest during the afternoon hours. 
The larger differences during the afternoon hours 
appear due to a partial midday closure of stomates. Although 
the upper levels did close their stomates slightly, the 
effect on transpiration may not have been very great. Leaf 
resistance remained nearly constant most of the day. 
The analysis of variance of the data is presented in 
Table 12. The two days were analyzed separately. Then 
the data were pooled, and analyzed over days. On both 
days, time and level in the canopy were significantly 
different. Row spacing was significantly different on 
August 22, but not on August 23, on the abaxial side of the 
leaf. Most interactions were also insignificant. When the 
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Figure 21. Diurnal pattern in stomatal aperture rating 
on the adaxial and abaxial leaf surface of 
the Hark-76 plot on August 22, 1969. A rating 
of 1.0 indicates maximum opening, and a rating 
of 5.0 indicates complete closure 
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Figure 22. Diurnal pattern in stomatal aperture rating on 
the adaxial and abaxial leaf surface of the 
Hark-51 plot on August 23, 1969. A rating of 
1.0 indicates maximum opening, and a rating of 
5.0 indicates complete closure 
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Figure 23, Diurnal pattern in stomatal aperture rating on 
the adaxial and abaxial leaf surface of the 
Hark-76 plot on August 23. A rating of 1.0 
indicates maximum opening, and a rating of 
5.0 indicates complete closure 
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Table 11. The stomatal aperture rating of different areas 
of the abaxial leaf surface of Hark and Provar 
leaves. Each value represents the average 
rating of 100 stomates. A rating of 1.0 
represented maximum opening, and a rating of 
5.0 represented complete closure 
Variety Aperture rating 
Base Tip 
Hark 3.0 3.4 3.7 3.8 
2.9 3.3 3.8 3.8 
Provar 4.4 4.5 4.6 4.6 
4.5 4.5 4.5 4.8 
data were analyzed over days, it was found that the days were 
not significantly different. 
Stomatal aperture ratings : adaxial and abaxial leaf 
surfaces The adaxial leaf surface generally had the 
smallest aperture. This is shown in Figure 24 which shows 
the data of August 23, Hark-51 plot. Regression equations 
were calculated using the data of August 22 and 23 to show 
the relationship between the aperture of the two leaf surfaces. 
The regression equations are given in Table 13. The relation­
ship was significant, and it appears that the equation could 
be used to predict the aperture of the opposite leaf surface. 
Since the rating of aperture is a very time consuming process, 
it would be a definite advantage to eliminate the additional 
V* O -i- -i M fr 
Table 12. Analysis of variance of the adaxial and abaxial leaf surface aperture 
ratings for August 22 and 23, and the combined data for the two days 
Da ;e Adaxial surface Abaxial surface 
S.Vo  d.f. M.S. F M.S. F 
Aujjust 22 
Time 
Row spacing 
Canopy level 
Time x level 
Row X level 
Error 
7 
1 
3 
21 
3 
28 
0.32 
0.16 
1.90 
0.42 
0.16 
0.26 
1.21 
N.S., 
7.15 
1.60 
N.S. 
0.92 
2.00 
3.11 
0.67 
0.23 
:::: 
9.34; 
2.00^ 
N.S .  
August 23 
Time 6 2. 29 
Row spacing 1 0. 25 
Canopy level 3 1. 70 
Time x level 18 0. 49 
Row x level 3 0. 39 
Error 24 0. 50 
4.60 
N.S .  
3.42 
N.S 
N.S  
b 
a 
3. 23 
0.23 
1.47 
0.43 
0.08 
0.58 
5. 58 
N.S . 
2.53 
N.S .  
N .S .  
b 
August 22-23 
Day 1 0.65 1.38 0.00 
Time 6 1.42 3.04 2.77 
Row spacing 1 0.00 0.00, 
7.17° 
1.81 
Canopy level 3 3.37 3.74 
Time x level 18 0.49 1.06 0.72 
0.00, 
5, 
3, 
7.17 
1.38 
a 
b 
Significant at the 5 percent level of probability, 
Significant at the 1 percent level of probability, 
'Significant at the 10 percent level of probability^ 
Table 12c Continued 
Date Adaxial surface Abaxial surface 
8.V. dofc M.S. F M.5. F 
August 22-23 
(continued) 
Row X level 3 0.08 N.S. 0. 21 N.S . 
Days X Rows 1 0.43 NeS . 0.43 N.S. 
Days X level 3 0.05 N.S . 0.36 N.S. 
Error 75 0.47 0.52 
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Table 13. Regression analysis of the relationship between 
the stomatal aperture rating of the adaxial and 
abaxial leaf surface. A rating scale was used 
which ranged from 1.0 (maximum opening) to 5,0 
(completely closed), 
2 
Date Regression Equation r Std. 
Dev. 
August 22 = -0 .68 + 1 .10 APERad 0 .69 0, .45 
August 23 = -0 .16 + 0 .89 APERad 0 .71 0, .49 
Combined = -0 .32 + 0 .96 0 .69 0 .48 
The stomates on both leaf surfaces responded similarly 
as the moisture status of the plant changed over the day, 
although the aperture of the adaxial surface was less than 
the aperture of the abaxial surface. The number of stomates 
per unit area was approximately one-third less on the adaxial 
leaf surface than it was on the abaxial surface. Consequently, 
a change in the aperture on the adaxial surface would not 
affect transpirational water losses as much as changes in the 
abaxial leaf aperture. 
Leaf resistance vs. relative water content 
Comparison of daily means : Hark-76 The overall daily 
means of RWC were plotted against the overall daily means of 
leaf resistance for the Hark-76 plot (Figure 25). Regression 
analysis of the data indicated that the relationship was 
T  ^  ^  ^  -  -  -  —  —  . - _ J  ^  ^  
^ ^ ^ ^ wAMi M^ w w «k. O C X W 64AiL/ i/ & J. ^  AA ^  X JL Vf XI O W iiC ÀX 
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included in the analysis. Stevenson (1969) found a curvilinear 
fit was significant. He used the variety Provar under 
controlled conditions. With the exception of August 4, 11 
and 16, the data points presented here fit on the curve of 
Stevenson very well. Although the quadratic term was not 
significant, the relationship between the daily means may 
in fact be curvilinear. An average resistance of 3.0 
appears to be a plateau level. Leaf resistances below 
3.0 were seldom found, regardless of how high the RWC 
level was. 
The same general relationship was true at each of the 
four canopy levels, so the data were not shown. The data for 
August 16 did not fit at any of the levels. Considering 
the behavior of the other data, it was felt that the 
resistance meter must have been improperly adjusted on the 
16th, and the value was not included in further analyses. 
Table 14 shows the regression equations for RWC as a 
function of leaf resistance at each of the levels and for 
the overall means. The equations are given with and without 
the data for August 16, The F-test for the quadratic term 
was insignificant at all levels. 
Diurnal variation in profile means : Hark-76 The 
diurnal patterns in profile means of RWC and total leaf 
resistance are shown for August 4 and 6 (Figure 26) and 
August 17 (Figure 27) for the Hark-7G canopy. 
Table 14. Regression analysis of the quadratic relationship between the mean 
daily relation water content (Y) and the mean daily total leaf 
resistance (X) for each of the four canopy levels and the overall 
daily means. The equations are given for regression with and 
without the August 16 data point 
2 
Regression Equation r s^ ^quad 
thout August 16: 9 
RWC(Mean) = 96.97 - 1. 923 X + 0. 0812 X 0. 857 1. 05 0. 83 
RWC(Top) = 98.60 - 3. 213 X + 0. 203 X2 0. 669 lo 25 l o  42 
RWC(3/4) = 93.05 - 0. 685 X + 0. 00411 X2 0. 800 lo 06 O o  00 
RWC(l/2) = 98.23 - 2o 193 X + 0. 0968 X2 0. 888 O o  95 l o  92 
RWC(Bott) = 99.12 - 2. 031 X + 0. 0685 X2 0. 873 l o  48 2 o  41 
th August 16: o 
RWC(Mean) = 97.36 - 2. 282 X + 0. 109 X^ 0. 558 l o  95 O o  45 
RWC(Top) = 93.77 - 1. 657 X + 0. 088 X'^ 0. 394 Ic 67 0. 16 
RWC(3/4) = 89.41 - 0. 356 X + 0. 0726 X2 O o  411 2. 00 0. 11 
RWC(1/2) =101.04 - 3. 311 X + Oo 167 X2 o„ 653 1. 75 l o  81 
RWC(Bott) =100.40 - 2. 610 X + 0. 101 X^ O o  680 2. 42 2 o  06 
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Figure 26. Diurnal patterns in mean profile RWC and 
mean profile leaf resistance on August 4 
and 6 in a Hark-76 canopy 
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There is a general relationship between these two 
parameters. When che mean profile RWC decreases, leaf 
resistance increases. However, this is not always true. 
On August 4, RWC was greater than 90 percent most of the 
day, and total resistance remained low throughout the day. 
There was a sharp increase in leaf resistance at 1445 hours. 
This increase in resistance was associated with a sharp 
drop in RWC at the same time. 
On August 6, resistance increased during the morning 
hours as RWC steadily decreased. When RWC began to increase 
at 1100 hours CDT, leaf resistance decreased, and remained 
low for about two hours. During this time RWC increased 
and leveled off at about 90 percent RWC. At 1300 hours total 
leaf resistance began to increase, and it continued to 
increase steadily during the remainder of the afternoon. 
There was no change in RWC during this time. The increase in 
resistance during the afternoon would help the leaf to 
maintain the high RWC level by reducing transpirational 
losses. However, this increase in leaf resistance must 
have been initia Led by some other factor than RWC. If RWC 
had been the controlling factor, a decrease in resistance 
would have been expected rather than an increase. 
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August 17 the soil moisture was definitely limiting. 
RWC dropped rapidly during the morning hours and remainea 
low during most of the day. During this time total leaf 
resistance remained relatively high, but was quite variable. 
The variability of these two parameters is emphasized 
when they are compared in terms of absolute values. Regression 
analysis was performed to determine the relationships between 
the two parameters. Analyses using profile means and 
individual leaf data were carried out (Table 15). There were 
no significant relationships when individual leaves were 
considered. Using profile means, RWC was found to be 
significantly related to abaxial leaf resistance and total 
leaf resistance. Since the relationship is not an absolute 
relationship, it must be suggested that at any given time 
there are other factors which are affecting the two 
parameters. 
RWC and leaf resistance gradients The differences in 
RWC and leaf resistance between the top and bottom level of 
the canopy were studied to determine if there was a significant 
relationship. The data are presented in Figure 28. Although 
the data are scattered, a number of points may be considered. 
Large positive and negative gradients in RWC do occur. 
The values ranged from -3.9 to 8.6 percent between the top 
and bottom canopy level. Positive gradients in RWC, e.g. 
nV.'C is ir;L^ j.co-aiii^  wiLa depx-n into tne canopy, occur generally 
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Table 15. Regression analysis of the relationships between 
RWC and adaxial, abaxial and total leaf resistance 
for individual leaves and profile means 
2 
Regression Equation r Std. 
Dev. 
6.34 
6.41 
6.42 
2 . 2 2  
2.17 
2 . 2 0  
^Significant at the 10 percent probability level. 
under adequate moisture conditions, and negative gradients 
occur when soil moisture is limiting. 
Under moisture stress, when RWC gradients are negative, 
the leaf resistance gradient was nearly always positive 
(11 of the 14 data points). The gradient for the other 
three data points is nearly zero, and occurs when the negative 
RWC gradient is also small. The stomates do partially 
close under moisture stress, but apparently the lower level 
stomates are closed more than those at the top of the canopy. 
Individual leaves; 
RWC = 90.36 - 0.130 r . 0.024 
ad 
RWC = 89.59 - 0.080 r , 0.004 
ab 
RWC = 89.32 - 0.102 r 0.002 
Profile means: 
RWC = 89.95 - 0.062 r^^ 0.028 
RWC = 90.44 - 0.134 r 0.073 
ab 
RWC = 90.22 - 0.211 r * 0.048 
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Figure 28, 
« 
- 1 0  - 8 - 5 - 1 - 2  0  2  4  6  8  1 0  
A RWC (BOTTOM-TOP) (%) 
The difference in leaf resistance and RWC 
between the top and bottom leaf of a Hark-76 
canopy 
94 
Since the RWC of the top level is higher, one would expect 
lower leaf resistances, but why this occurs under conditions 
of moisture stress cannot be explained. 
When the gradient in RWC is positive, e.g. increasing 
with depth into the canopy, the gradient total leaf 
resistance is highly variable. Both negative and positive 
gradients in leaf resistance occur. There is no apparent 
relationship between the two parameters when the gradient 
in RWC is positive. 
When the relationship was determined by regression 
analysis, it was found that the fit of the points was 
hyperbolic. The linear term of the equation was non­
significant. 
Leaf resistance and stomatal aperture 
There was no correlation between leaf resistance and 
stomatal aperture. This is shown in Figure 29 with the 
data from the Hark-76 plot on August 23. Data for August 
22 was similar, so it was not shown here. The relationship 
is slightly better on the abaxial leaf surface, but there 
was no significance for either leaf surface (Table 16). 
The lack of agreement between these two factors was 
unexpected. The fact that over the entire range of stomatal 
aperture there was no effect on leaf resistance cannot be 
explained at this time. The exact reason for this will 
require further study. 
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Figure 29. The relationship between leaf resistance and 
stomatal aperture on the adaxial and abaxial 
leaf surface. Data were taken from the Hark-
76 canopy on August 23, 1969 
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Table 16. Regression analysis of the relationship between 
stomatal aperture rating and leaf resistance of 
the abaxial and adaxial leaf surface. The data 
include individual leaf values for both the Hark-
76 and Hark-51 plot on August 22 and 23 
Regression Equation r2 Std. 
Dev. 
APERad = 3.11 + 0.034 
^ a d  
0.001 0 . 8 6  
- 6.23 - 0.509 
^ab 
0.120 0.85 
APSRad I
I CO
 
CO
 
1 0.288 
^ t o t  
0.012 0.86 
APERab = 4 o 96 - 0.568 
^ t o t  
0.044 0.89 
Microclimate of a Soybean Canopy 
Microclimatic data were collected whenever plant 
observations were being taken in the field plots. Observa­
tions were taken on fifteen days in August, 1969. The 
microclimatic observations taken were air temperature, 
solar and net radiation, wind direction and speed, and 
vapor pressure. The latter observations were taken using 
wet- and dry-bulb psychrometers. Because the amount of 
equipment was limited, the instruments were moved from plot 
to plot as necessary. 
Soil water 
The soil is an integral part of the plant microclimate. 
"PriY* i'ViTC: + h a c:r\nl -i r\-Pr\-v* m Ck "i- -i-Vio-i-
obtained will be presented at this time. Table 17 presents 
T.'.ble 17. The amount of soil water present in the first 115 cm of the soil 
profile under three soybean canopies, and the amount of water used 
during each time period during the 1969 growing season 
Dî.te Hark-51 Hark-76 Provar-76 
cm HgO cm H^O cm HgO cm HgO cm H^O cm HgO Precipitation 
profile used profile used profile used during period 
cm 
Ji ne 27 
1 
o
 
o
 
- 37.9 - 34.1 - — 
J I. ly 16 39.7 14. 2 36. 0 15.8 32. 1 15 .9 13.9 
1—i p
 31 37.9 8.0 34. 1 8.1 32.0 6.3 6.2 
Aug. 4 36. 2 1.7 32. 2 1.9 30c 2 1.8 0.0 
Aug. 8 33.9 2.8 29.7 3.0 
a a 
0.5 
Aug. 12 32.8 3.9 27.8 4.7 28.3 5.2^ 2. 8 
Au go 26 31.3 5.1 29.3 2.1 29.2 2.5 3.6 
Total 
Us e, 
Water 
cm 35.7 35.6 31.7 
^Definite instrument malfunction. 
^For period August 4 to August 12. 
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the amount of water present in the first 115 cm of the soil 
profile at various times during the growing season in the 
two Hark plots and the Provar-76 plot. The amount of water 
used by the various plots during each time increment is 
also given. 
The total amount of water used by the two Hark plots was 
the same over the period June 27 to August 26„ The two Hark 
plots used 4 cm more water than did the Provar-76 plot„ A 
possible reason for this is that the amount of water present 
in the profile of the Provar plot was less than that under 
the two Hark plots throughout the growing season. The sandy 
layer that was present in the profile of the plot area was 
closer to the surface, and thicker, in the Provar plot than 
either of the two Hark plots. The sandy layer would not 
retain as much water, and thus the amount that the profile 
could hold would be less. 
Air temperature 
The temperature sensors were located in the Hark-76 
plot from August 4 to August 11. Temperature measurements 
were taken at five levels, four within the canopy and the 
other one meter above the crop canopy. The data from these 
days will be used for this discussion. 
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Table 18 gives the mean temperature at each of the five 
heights for the seven days that observations were taken in the 
Hark-76 plot. This table shows that the highest mean 
temperature occurred at the top of the canopy. Generally 
the top three levels in the canopy were warmer than the 
temperature at one meter above the canopy. 
Figure 30 shows the diurnal pattern in air temperature 
at three of the five levels in the Hark-76 canopy on August 
4. The diurnal patterns in solar incoming radiation and the 
wind speed at one meter above the canopy are also presented. 
The temperatures in the canopy were nearly always warmer 
than the temperature at one meter above the canopy. Highest 
canopy temperatures occurred at the top of the canopy. The 
magnitude of the differences between the temperatures at 
one meter above the canopy and canopy temperature appeared 
to be a function of radiation and wind speed. Regression 
analysis showed this to be true (Table 19). Comparisons were 
made using the upper two levels in the canopy. Radiation and 
wind were both significant in predicting the temperature 
difference when considered separately, but wind was not 
significant after the variation due to radiation had been 
removed. Both wind and radiation would be expected to be 
involved. The higher the amount of radiation reaching the 
canopy, the greater the amount of heating that could take 
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Table 18. Mean daily air temperatures at five levels in a 
Hark-76 soybean canopy during August, 1969 
Mean Temperature (F) 
Date Time Level in canopy, above soil surface 
Period 
(Hours) 
100 mm 300 mm 600 mm 1000 mm 2000 mm 
August 4 1010-
1610 
76.3 76.4 76.5 78.1 77.1 
August 5 1045-
1645 
83.4 83.8 84.2 84.0 82.9 
August 6 1045-
1645 
86.6 87.0 87. 2 87.6 86.7 
August 7 1100-
1920 
82.0 82.6 82.8 84.9 83.1 
August 8 1030-
1540 
88.8 89.4 89.9 89.5 87.8 
August 9 1040-
1450 
80.4 81.3 80.8 83.5 81.2 
Augus t 11 0900-
1650 
81.0 81.5 81.8 82.8 82.4 
Mean 82.6 83.1 83.3 84.3 83.0 
place. The greater the wind speed, the greater the amount of 
mixing that will occur, and this will tend to reduce the 
temperature difference between the two levels» 
There is a temperature gradient in either direction 
from the top of the canopy. This is important in heat and 
water vapor transport through the crop canopy. 
Radiation 
Four net radiometers were located in the Hark-76 plot 
from August 5 to August 12. The heights of the sensors were 
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Table 19. Regression analysis of the relationships between 
differences in air temperature at different canopy 
levels and radiation and wind. The height of the 
levels were 2000 mm (Sensor A), 1000 mm (Sensor 
B) and 600 mm (Sensor C) 
2 
Regression Equation r Std. 
Dev. 
AT(A-B) 1.56 - 3.65 RAD^ 0.85 0.42 
AT(A-B) = -5.28 + 0.009 WIND^ 0.44 0.81 
AT(A-B) = 2.52 - 6.95 RAD^ + 2.41 RAD^^ 0.88 0.39 
AT(A-B) = 1.22 - 3.54 RAD^ + 0.0006 WIND 0.85 0.42 
AT(A-C) 2.30 - 2.37 RAD^ 0.80 0.32 
AT(A-C) -2.26 + 0.0062 WIND^ 0.46 0.54 
AT(A-C) 1.76 - 2.19 RAD^ + 0.00089 WIND 0.80 0.32 
^Significant at the 1 percent probability level. 
^Significant at the 5 percent probability level. 
500, 750, 1050 and 2000 mm. The height of the canopy was 
1050 mm. 
Net radiation The diurnal pattern in net radiation 
is shown in Figure 31 for August 6 and 7. The depletion 
in net radiation occurs very rapidly at the 750 mm level, 
which is just below the main crown of the canopy. The net 
radiation level was roughly 10 percent of what it was at 
one meter above the canopy. This is in good agreement with 
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Figure 31. Diurnal patterns in net radiation at three levels 
in a Hark-76 soybean canopy on August 6 and 7, 
1969. Each data point represents the average 
net radiation over a ten minute period 
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the data of Sakamoto and Shaw (1967a). They showed that 90 
percent of the incoming radiation was absorbed by the 
periphery of the canopy. 
Solar and net radiation The mean daily values of 
solar and net radiation are shown for the period August 5 
to August 12 (Table 20)o The data show the rapid decline in 
net radiation in the first 30 cm of the soybean canopy. 
The relationship between solar radiation and net 
radiation was studied by regression analysis (Table 21)„ A 
good relationship was found between solar radiation and 
net radiation at the top two levels, but not at the third 
levelo 
Wind speed and direction 
Wind speed measurements were taken at three levels above 
the canopy. The anemometers were located at 1020, 1590, 
and 2270 mm above the soil surface. The bottom anemometer 
was located at the top of the crop surface. The anemometer 
tower was located in the Hark-76 plot, and it remained 
there during the entire experiment. 
Diurnal patterns in wind velocity Figure 32 shows 
the diurnal pattern in wind velocity at the three levels on 
August 4, 6, and 7. The differences in wind speed between 
levels was a function of wind speed. The higher the wind 
speed, the greater the differences in velocity between 
levels. 
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Table 20. Daily mean values of solar radiation and net 
radiation at four levels in a Hark-76 soybean 
canopy 
Solar Net Radiation^ 
Date Radiation^ 2000 mm 1050 mm 750 mm 500 mm 
August 5 0.847 0.699 0. 521 0. 124 — 
August 6 0.967 0.869 0. 661 0. 145 0.137 
August 7 1.009 0.812 0. 670 0. 110 0.097 
Augus t 8 1.075 0.948 0. 761 0. 055 0.164 
August 9 0.818 1 .014 0. 814 0. 195 -
August 11 0.957 0.866 0. 580 0. 080 0.096 
August 12 — 0.878 0. 713 - — 
^Units are Langleys/min. 
Table 21. Regression analysis of the relationship between 
net radiation at three different levels in a 
soybean canopy and the solar incoming radiation. 
Data were taken over a four day period 
2 
Regression equation r Std. 
Dev. 
Rn(2000 mm)^ = 0.0455 + 0.767 RAD^ 0.63 0.17 
Rn(1000 mm) = 0.0431 + 0.482 RAD^ 0.62 0.14 
Rn(750 mm) = -0.0924 + 0.369 RAD^ 0.10 0.12 
^Units are Langleys/min. 
^Significant at the 1 percent probability level. 
106 
u 
a 
UJ 
^200 
AUGUST 4,1969 
1100 1200 1300 1400 1500 1600 
-^ 600 
1500 
e 
u 
Q_ 
CO 
400-
300-
«200 
"^100 
ANEMOMETER HEIGHT AUGUST 6, 1969 
1100 1200 1300 1400 1500 1600 
^500 
'J 
^400 
^300 
o 
^200 
GO 
§100 
^ 0 
1000 1100 1200 1300 1400 1500 1600 
TIME (HOURS, CDT) 
o-i. uj.uiiia.1 pitLi.erns in wina speea at tnree levels 
above a Hark-76 soybean canopy on August 4, 6 
and 7, 1969 
107 
Changes in velocity with height The vertical profile 
in wind velocity is shown for various times on August 4 and 
7 in Figures 33 and 34, respectively. The data in Figures 
33 and 34 are plotted on a log scale. If the log law holds, 
one would expect a lapse condition over the canopy, because 
the velocity profile would be concave to the right. This 
is what would be expected, since it has been shown that the 
temperatures at canopy level were considerably higher at 
the top of the canopy that they were one meter above the 
canopy. 
Vapor pressure 
The diurnal variation in vapor pressure on August 7 
is shown in Figure 35. The vapor pressure at the top four 
levels is shown. During most of the day, vapor pressure 
within the canopy was higher that at one meter above 
the canopy. Part of the increase during the afternoon hour 
was due to overcast sky conditions. 
The vertical profiles of vapor pressure are shown for 
various times of the day on August 7 (Figure 36). The greatest 
vapor pressure was generally found at the top level in the 
canopy. This would correspond to the area of greatest water 
loss in the canopy. 
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W I N D  S P E E D  ( c m / s e c )  
Vertical wind speed profiles at various times on 
August 4, 1969 over a Hark-76 soybean canopy. 
Each point is the average wind speed over a 15 
minute interval 
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The Relationship Between the Plant 
Parameters and Existing Microclimatic Conditions 
The relationship between the three plant parameters and 
the microclimate are important in determining the rate of 
transpiration water loss. 
Relative water content and microclimate 
The regression equations for the comparisons made for 
RWC are shown in Table 22. All the comparisons were made 
with data from the top level of the canopy. The only 
parameters that were found to be significant were wet-bulb 
9 
depression and leaf temperature. The only significant r 
occurred when wet-bulb depression was included in the 
analysis. The relationships were highly variable. 
Leaf resistance and microclimate 
Table 23 shows the relationship between adaxial, 
abaxial and total leaf resistance and various microclimatic 
parameters. Radiation, net radiation and leaf temperatures 
were all significantly related to resistance. The values 
2 
of r were significant only when leaf temperature and radia­
tion were included together. 
The importance of the relationship between leaf 
temperature and leaf resistance has been shown by 
Stevenson (19691. Rp fnnnri -t-hat high leaf tor.pcr2.turcs 
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Table 22. Regression analysis of the relationships between 
RWC and various microclimatic parameters. The 
microclimatic parameters included air temperature 
(TEMP), radiation (RAD), net radiation (NET R), 
leaf temperature (LEAF T), and wet-bulb 
depression (DEP) 
Regression equation r 8td. 
Dev. 
RWC = 94.65 - 0.080 TEMP 0.015 2.81 
RWC 86.40 + 1.71 RAD 0.026 2 .79 
RWC 86.98 4- 0.76 NET R 0.005 2,52 
RWC 99.79 - 0.14 LEAF T^ 0.044 2 .47 
RWC = 84.34 + 0.84 DEPR^ 0.262°  2 ,43 
RWC = 83.27 + 1.31 RAD + 0. 83 DEPR^ 0.277°  2,43 
RWC = 96.83 + 1.38 RAD - 0. 12 TEMP 0,040 2,49 
RWC = 99.74 + 1.02 NET R - 0.15 LEAF T^ 0,055 2,47 
^Significant at the 10 percent probability level, 
^Significant at the 1 percent probability level, 
'^Significant at the 5 percent probability level. 
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Table 23. Regression analysis of the relationships between 
adaxial, abaxial, and total leaf resistance and 
various microclimatic parameters. The microclimatic 
parameters included air temperature (TEMP), 
radiation (RAD), net radiation (NET R), and leaf 
temperature (LEAF T) 
2 
Regression equation r StdU 
Dev. 
^ad 
= 16.48 — 
^ad 
= 17.06 -
^ad 
= 21.13 — 
^ad 
= 
-54.89 + 
^ad 
= 14.74 -
^ad 
= 
-55.82 — 
^ab 
= 12.39 -
^ab 
= 13.92 — 
^ab 
= 0.23 + 
^ab 
= 
-38.77 + 
^ab 
= 
-5.47 -
^ab 
= 
-39.59 — 
^tot 
= 6.93 — 
^tot 
7.57 -
^tot 
3.62 + 
^tot 
= 
-2.16 + 
^tot 
= 0.61 — 
^tot 
= 
-22.09 -
r R^ 
f 
iP 
IF T^ 
T,a 
0.045 7.11 
0.047 7.11 
0.003 7.26 
0.160 6.66 
002 TEMP 0.045 7.16 
f + 0.86 LEAF T^ 0.240^ 6.38 
r R^ 
,b 
0.055 4.56 
0.100 4.44 
0.11 TEMP 0.008 4.66 
0.55 LEAF T 0.200 4.19 
5.36 NET R^ + 0.22 TEMP 0.087 4.51 
6.95 RAD^ + 0.63 LEAF T^ 0.355^ 3.79 
2.43 NET R^ 0.059 2.52 
2.88 RAD^ 0.088 2.48 
0.017 TEMP 0.000 2.60 
0.203 2.32 
0.80 TEMP 0.072 2.52 
f + 3.506 LEAF T^ 0.342^ 2.12 
»c 
^Significant at the 10 percent probability level 
^Significant at the 1 percent probability level. 
^Significant at the 5 percent probability level. 
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were associated with high leaf resistances. As leaf 
transpiration decreases because of increased leaf resistance, 
the energy used in transpiration is reduced, and 
consequently this energy is used in heating the leaf. 
Cowan (1968) has also reported this to be true. He found 
an increase in leaf resistance resulted in a warming of 
the entire canopy and boundary layer. 
The relationship of leaf resistance with net radiation 
and solar radiation was negative. The higher the net 
radiation and solar radiation, the lower the leaf resistance. 
This may be because of the general relationship between 
stomatal opening and radiation, with stomates generally 
opening more with increased light, provided that moisture 
is not limiting. There is also additional energy provided 
for photosynthesis, although much of the time the top of 
the canopy would be light saturated. 
It was shown previously that the resistance of the leaf 
will increase during the day, out the top leaves seem less 
responsive than the bottom leaves. Their stomates do not 
close as much, at least when moisture stress is not severe. 
No stomatal data were available for a high stress day, but 
resistance values indicated that the resistance of the top 
leaves would be less than the resistance of the bottom leaves, 
even though the plant was under high moisture stress. 
116 
EVALUATION OF OBJECTIVE 
The basic objective of this study was to determine the 
relative importance of the crop and the environment in 
determining the amount of water loss from a soybean canopy. 
From evaluation of the data on RWC, leaf resistance 
and stomatal aperture, it appears that the plant plays an 
important role in controlling transpirational water losses. 
As soi] moisture content decreases, the level of leaf 
resistance increases accordingly. During the afternoon 
hours, when atmospheric demand is the greatest, the stomates 
do close at least partially, particularly at the lower 
levels in the canopy. The lower leaves appear to compensate 
more readily, which allows the younger, more active leaves 
to continue photosynthesizing. This was also found to be 
true by Shinn and Lemon (1968). 
The response of the crop to the environment was as 
expected. The environment does influence the rate of 
water usage, and the behavior of the plant to a degree. 
The final conclusion must be that both the crop and 
the environment interact to determine the amount of water 
used by the crop, but the plant is definitely able to 
influence the rate of water loss by the plant. This is in 
agreement with most workers (Slatyer. 1967). but in 
disagreement with the work of van Bavel and Ehrler (1968). 
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SUMMARY 
A field study was carried out to determine the relative 
importance of the plant in controlling water usage in the 
field. To do this relative water content, leaf resistance 
and stomatal aperture were measured at four levels in 
different soybean canopies. In addition, the microclimate 
was monitored. The parameters measured were air temperature, 
soil temperature, wind, radiation and vapor pressure in 
profiles in and above the crop canopy. 
RWC was shown to be influenced by the amount of soil 
water present. When soil moisture was high, the highest 
RWC values were found at the bottom of the canopy. When 
soil moisture became limiting the highest RWC values were 
found at the top of the canopy. The upper leaves maintained 
the highest RWC during the periods of low soil moisture by 
the preferential flow of water to the upper leaves. 
Leaf resistance was always found to be less at the 
top of the canopy than at the bottom of the canopy. This 
was true regardless of the direction of the RWC gradient. 
Stomates were generally more open at the top of the 
canopy than at the lower levels. There was some evidence 
for midday stomatal closure, particularly at the lower 
levels, but closure was not complete„ 
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Various microclimatic parameters were measured. It was 
found that canopy temperatures were always warmer than the 
temperature of the air one meter above the canopy. 
Net radiation was rapidly reduced with depth in the 
canopy. At a height of 750 mm, net radiation was approximately 
one-tenth of what it had been one meter above the canopy. 
Wind speed did not follow the log-law above the 
canopy. The behavior of the wind patterns indicated that 
lapse conditions existed above the canopy. Temperature 
measurements showed this to be true. 
Vapor pressure was higher in the canopy than it was 
one meter above the canopy. The highest vapor pressure 
values were found in the top half of the canopy. 
The relationships between the various plant parameters 
and the existing microclimatic conditions were generally 
non-significant. 
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Figure 51. Diurnal patterns in total leaf resistance at 
four levels in a w?_rk-?£ ccybccz on 
August 14, 1969 
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